Abstract Cognitive models of social anxiety predict that interpretation bias mediates the relationship between level of social anxiety and state anxiety in response to socialevaluative threat. We tested this prediction in 67 socially anxious undergraduates. Participants completed self-report measures of social anxiety and interpretation bias, and 2 days later they completed an impromptu speech. Mediational analyses supported the hypothesis that interpretation bias mediates the effect of social anxiety on state anxiety in response to the speech. This relationship was specific to negative interpretation of ambiguous social scenarios. The current findings support cognitive models of social phobia and add to the empirical base supporting the role of interpretation bias in social anxiety.
Cognitive models of social anxiety (Clark and Wells 1995; Rapee and Heimberg 1997) designate biased interpretation of ambiguous social cues as one of the processes that maintains social anxiety. For example, during a social interaction a socially anxious individual may interpret a conversation partner's yawn as indicative of boredom (negative interpretation), rather than exhaustion (benign interpretation). An individual who interprets the yawn negatively will likely experience more state anxiety during the situation compared to an individual who interprets the yawn as benign.
Consistent with these models, a number of correlational studies have revealed an association between social anxiety and interpretation bias. For example, to examine interpretation bias in social anxiety, many researchers have developed questionnaires comprising ambiguous scenarios (e.g., Amir et al. 1998; Constans et al. 1999; Roth et al. 2001; Stopa and Clark 2000) . These questionnaires require participants to read ambiguous scenarios (e.g., ''You see a group of friends having lunch, they stop talking when you approach'') along with various interpretations of each scenario (i.e., positive: ''They are about to ask you to join,'' negative: ''They were saying negative things about you,'' and neutral: ''They just ended their conversation''). Participants usually rank order the interpretations according to how likely they would be to come to mind if they were in a similar situation. Questionnaire studies have varied in materials used and participant characteristics, yet they all concluded that socially anxious individuals interpret ambiguous social information more negatively (or less positively) than non-anxious controls. Studies that have used other measures of interpretation, such as videos (Amir et al. 2005) , facial expressions (Yoon and Zinbarg 2007) , and reaction time indices Mathews 1997, 2000) , have also revealed biased interpretation in social anxiety.
Although these data are consistent with the hypothesis that there is an association between interpretation bias and social anxiety, little research has examined the cognitive models' prediction that interpretation bias maintains social anxiety. One source of evidence comes from recent studies that directly manipulated interpretation. Computer programs that facilitated a benign interpretation bias in socially anxious individuals led to decreased anticipatory anxiety for a hypothetical social interaction (Murphy et al. 2007 ) and decreased social anxiety symptoms (Beard and Amir 2008) .
Another useful method to test this prediction would be to test whether interpretation bias mediates the relationship between an individual's social anxiety level and state anxiety in response to a social-evaluative threat. The few studies that have examined cognitive processes as potential mediators have supported the cognitive models. For example, Rapee and Abbott (2007) tested whether various processes outlined in cognitive models of social anxiety mediate response to social stress in individuals with Social Phobia. In that study, participants completed self-report measures of cognitive processes, and an impromptu speech served as a social-evaluative threat situation. Path analysis supported mediational pathways for several cognitive processes predicted by the models, including attentional focus and probability/cost estimates of negative evaluation.
Similarly, Schulz et al. (2008) tested the mediating role of negative self-focused cognitions (e.g., ''What I say will sound stupid'') in a sample of individuals with varying levels of social anxiety. They found that inducing negative self-focused cognitions led to increased anxiety during a public speaking task compared to a relaxation induction. Moreover, negative self-focused cognitions fully mediated the relationship between social anxiety and state anxiety during the speech. Together, these two studies provide support for several of the cognitive biases outlined in cognitive models. However, neither study included a measure of interpretation bias. Given the robust findings supporting the role of interpretation bias in social anxiety, examining this specific bias as a potential mediator is warranted.
In the current study, we sought to extend research testing cognitive models' predictions by examining whether interpretation bias mediates the relationship between social anxiety and state anxiety in response to social-evaluative threat. To this end, we utilized a previously established measure of interpretation of ambiguous social scenarios (Amir et al. 1998 ) and a commonly used social-evaluative threat situation (i.e., impromptu speech). As cognitive models' predictions are specific to the maintenance of social phobia, we tested mediation in a group of socially anxious individuals.
Methods

Participants
We recruited socially anxious undergraduates with an advertisement soliciting individuals with ''difficulty giving speeches.'' Participants who responded to the advertisement and who scored 30 or above on the Liebowitz Social Anxiety Scale-self-report version (Mennin et al. 2002) were eligible for the study. A total of 67 participants (64% female) were eligible and completed all the study procedures.
1 Participants received research credit as compensation. Demographic information is presented in Table 1 .
Measures
Social Anxiety Level
Participants completed the self-report version of the Liebowitz Social Anxiety Scale (LSAS; Liebowitz 1987) as a measure of social anxiety. The LSAS consists of 24 social situations (e.g., giving a speech) that are commonly feared by socially anxious individuals. For each situation, participants rate their fear (0-3) and avoidance (0-3). The selfreport version of the LSAS correlates highly with the clinician administered version and has demonstrated good convergent and discriminant validity (Fresco et al. 2001 ).
State Anxiety Level
Participants completed the state form from the State Trait Anxiety Inventory (STAI; Spielberger et al. 1970) , which consists of 20 items assessing state symptoms of general anxiety and has adequate psychometric properties (r ranges from .73 to .86) (Spielberger et al., 1970) .
Interpretation Bias
The Interpretation Questionnaire (IQ; Amir et al. 1998 ) was developed to assess individuals' interpretation of ambiguous social scenarios. This questionnaire comprises 22 ambiguous scenarios (e.g., ''You see a group of friends having lunch, they stop talking when you approach'') and three interpretations of each scenario (i.e., positive: ''They are about to ask you to join,'' negative: ''They were saying negative things about you,'' and neutral: ''They just ended their conversation''). Participants are asked to rank order how likely each interpretation would be to come to mind if they were in a similar situation. To conserve time, participants completed a short version of the IQ comprising 10 scenarios (5 social and 5 non-social), which demonstrated adequate internal consistency (a = 0.70) in our sample. We used participants' rankings of the negative interpretations of the social scenarios as the measure of interpretation bias.
Additional Measures
To further characterize the participants, they completed the trait form from the State Trait Anxiety Inventory (STAI; Spielberger et al. 1970) , which consists of 20 items assessing trait symptoms of general anxiety, and the Beck Depression Inventory, 2nd ed (BDI-II; Beck et al. 1996) , which consists of 21 items that assess various symptoms of depression.
Procedure
Participants completed two experimental sessions. In the first session, they completed the self-report measures (LSAS, IQ, STAI-trait, BDI-II). Participants returned 2 days later for the second experimental session.
2 In that session, participants were asked to make an impromptu speech. They were told that their speech would be video recorded so that a graduate student could later rate its quality. They were then presented with a list of five topics (abortion, corporal punishment, seatbelt laws, nuclear power, and the American Health System; Hofmann et al. 1995) . They chose one of the five topics and spent 2 min thinking and writing notes in preparation for the speech. However, they were told they could not use these notes during the speech. At the end of the two-minute preparation period, the experimenter collected the notes, and participants stood in a designated area in front of a video camera (Logitech web camera on top of computer monitor). Participants briefly saw their image on the computer screen before the experimenter pressed 'Record.' After the camera began recording, the experimenter then minimized the camera window so that participants could not see themselves during the speech. The experimenter either stopped participants after five minutes, or participants could stop at any time by holding up a STOP card. Participants then completed the STAI-state.
Results
Mediational Analyses
Means and standard deviations for each measure are presented in Table 1 . To test the hypothesis that interpretation bias mediates the relationship between social anxiety and state anxiety in response to social-evaluative threat, we conducted mediation analysis following the procedure described by MacKinnon and colleagues (MacKinnon et al. 2007a; MacKinnon et al. 2002) . In brief, this procedure tests the product of the coefficients for the effects of (1) the independent variable on the proposed mediators (a) and (2) the mediator on the dependent variable when the independent variable is taken into account (b) This procedure is a variation on the Sobel (1982) test that accounts for the non-normal distribution of the ab path through the construction of asymmetric confidence intervals (MacKinnon et al. 2007b) . Results revealed that the 95% confidence interval of ab did not overlap with zero (lower limit = 0.02999, upper limit = 0.26150), which provides support for the indirect effect of social anxiety level on state anxiety response through interpretation bias.
Correlational Analyses
All of the measures (LSAS, IQ-social, IQ-non-social, STAI-trait, BDI) correlated with state anxiety in response to the speech (see Table 2 ). However, only social anxiety (LSAS) correlated with interpretation bias of social scenarios (r = .36). Consistent with the mediational analyses, the correlation between social anxiety and state anxiety in response to the speech became non-significant after controlling for social interpretation bias (p [ .2).
Discussion
The current study tested the cognitive models' prediction that interpretation bias mediates the effect of social anxiety on state anxiety response to social-evaluative threat. Mediational analyses supported this hypothesis, as rankings of negative interpretations of social scenarios mediated the relationship between social anxiety level and state anxiety in response to the impromptu speech. This finding extends previous studies testing other cognitive mediators (Rapee and Abbott 2007; Schulz et al. 2008 ) and suggests that interpretation bias is also involved in the maintenance of social anxiety. In the current study, trait anxiety and depression also significantly correlated with state anxiety in response to the speech, but they did not correlate with interpretation bias. Additionally, the rankings of negative interpretations on the non-social items of the interpretation questionnaire correlated with state anxiety, but not with social anxiety. In sum, the current study supports a specific pathway from social anxiety to state anxiety through interpretation of social situations. Future studies are needed to delineate additional indirect pathways between measures of psychopathology (e.g., trait anxiety, depression) and state anxiety in response to social threat. The current results converge with several lines of research supporting the role of interpretation bias in the maintenance of social anxiety. For example, recent studies show that correcting interpretation bias positively affects social anxiety symptoms (e.g., Beard and Amir 2008) . In that study, a computerized interpretation modification program effectively changed interpretation bias in socially anxious individuals compared to a control condition. Moreover, changes in interpretation bias mediated the effect of group on change in social anxiety symptoms. The current results also converge with findings that interpretation bias ameliorates with effective treatment of social phobia (Franklin et al. 2005 ). These findings support numerous studies that found an association between interpretation bias and social anxiety (e.g., Amir et al. 1998) . Moreover, these findings suggest that interpretation bias is not simply a consequence of social anxiety, but rather a mechanism involved in the maintenance of social anxiety.
Our measure of interpretation included items about social situations, but it did not include any items specifically about public speaking. Thus, it appears that a negative interpretation bias in social situations in general is related to state anxiety in response to a specific social situation (i.e., impromptu speech). Future studies might extend this study by providing participants with ambiguous feedback specific to the social situation used (e.g., facial expressions of audience members during a speech) and then measure participants' interpretation of that feedback. One might expect that interpretation of ambiguous cues during a specific social threat may be a stronger mediator of the effect of social anxiety on state anxiety compared to the more global measure of interpretation used in the current study.
Future research could improve upon the current study in several ways. First, these findings need replication in a clinical sample of individuals with Social Phobia. Similarly, it is unclear if the current findings from a homogeneous, undergraduate sample will generalize to a heterogeneous, older sample of individuals with social anxiety. Second, we did not include a control group because cognitive models do not make predictions about interpretation bias in non-anxious individuals. However, future studies may also want to include a non-anxious control group to determine whether this mediational pathway is specific to socially anxious individuals. We only used one social situation as our social-evaluative situation. We chose a public speaking task because previous studies testing cognitive models have used this task and because most socially anxious individuals fear public speaking. However, it would be interesting to test whether We did not present correlations with speech duration because it did not correlate with any measures (ps [ .1) LSAS-total = Liebowitz Social Anxiety Scale-self report; IQ = Interpretation Questionnaire ranking of negative interpretations as 1st, 2nd, or 3rd likely to come to mind; STAI = Spielberger State-Trait Anxiety Inventory; BDI-II = Beck Depression Inventory, 2nd edition * Partial correlation after controlling for IQ-social, r = .15, p = .244
Cogn Ther Res (2010) 34:292-296 295 interpretation bias also mediates in different social situations (e.g., interaction task). We also only used one measure of interpretation bias. Future research is needed to determine if other measures of interpretation (e.g., ''online'' reaction time tasks) also reveal mediation between social anxiety and state anxiety in response to social threat. Finally, future studies might also test a more complex mediational model that includes measures of imagery, as studies have found that interpretation bias and imagery likely interact to maintain social anxiety (e.g., Hirsch et al. 2007 ).
